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D scription 

Field of Invention 

This invention relates generally to electric motors 
and more particularly to propulsion motors for marine 
vehicles. 

Background of the Invention 

Marine vehicles typically employ one or more ro- 
tating propellers disposed beneath the water line of 
the vessel for surface vessels or disposed within a 
portion of the hull of submersible vessels. 

Typically, the propellers in submersible systems 
have been driven by diesel power, steam turbines or 
electric motors mounted within the hull of a vessel. A 
propeller shaft extends through the hull to the propel- 
ler mounted on the shaft outside the hull. Such sys- 
tems have the disadvantage of noise and vibration ra- 
diating from the rotating components. Also, such sys- 
tems typically occupy a great deal of the interior hull 
space. The motor, typically, is a primary source of 
noise and vibration. The source of such noise in an 
electric motor is often torque ripple due, for example, 
to cogging, i.e., variations in magnetic flux that are re- 
lated to rotor position, reluctance, and the mechanical 
coupling between the rotor and propeller shaft. 

Summary of the Invention 

It is an object of the invention to provide a motor 
for marine vehicles with a minimum axial length to 
provide greater available hull space for purposes 
other than the motor. 

Another object of the invention is to isolate the 
noise generated by the motor from the propeller shaft 
by providing a sound isolating coupling within the 
open center of the motor so as not to increase the ax- 
ial length of the motor and related equipment. 

A further object of the invention is to reduce the 
torque ripple in an electric motor due to cogging and 
thereby reduce noise. 

It is yet a further object of the invention to reduce 
the torque ripple and resulting noise in the motor due 
to perturbations that are repeatable functions of shaft 
angle. 

Another object of the invention is to provide an 
improved arrangement for handling and distributing 
electrical and mechanical forces on the rotor, such ar- 
rangement including a large diameter circumferential 
thrust bearing and journal bearing. 

The electric propulsion motor of the present in- 
vention is substantially wheel-shaped and has as its 
major compon nts a disk-shaped rotor and two disk- 
snap d stators. In a first embodiment, a singl motor 
is mounted in the hull of a vessel and is axial ly aligned 
with a longitudinal axis of the v ssel. In a second em- 



bodiment, two motors with counter-rotating propel- 
lers are installed. Th shape of th motor, with a large 
diameter relative to its axial length, is advantageous 
in marine vehicles because it significantly reduces 
5 the total stack-up length of the motor and related cou- 
plings. This provides greater interior hull space for 
other equipment. In addition, the large diameter, open 
center of the motor permits the installation of a sound 
Isolation coupling between the rotor and the propeller 
10 shaft. Such coupling does not add to the axial stack- 
up length of the motor assembly because it is located 
within the interior of the motor. 

The two stators, mounted on either side of the ro- 
tor and separated therefrom by axial air gaps, are pra- 
ts vided with armature windings that are fed by a con- 
trolled current source (power inverter modules). The 
rotor magnetic field is provided by permanent mag- 
nets mounted on a rotor disk. The rotor permanent 
magnet field reacts with a rotating magnetic field of 
20 the stators to produce rotational torque upon the rotor, 
which is transferred to the propeller shaft through the 
sound isolation coupling. Thrust bearings for the rotor 
are mounted circumferentially around each side of the 
rotor. This circumferential thrust bearing can be a sin- 
25 gle annular bearing or a plurality of spaced bearing 
assemblies. The rotor is supported on a radial bear- 
ing. 

Each of the stators includes teeth and slots, with 
coils (conductors) being wound within the slots. The 

30 rotor includes axially magnetized permanent mag- 
nets and the magnet flux crosses the air gap on both 
sides of the rotor. As the magnet pole passes the slots 
in the stators, cogging will result due to the preferred 
orientation of the pole with the teeth, where reluc- 

35 tance is minimum. This cogging gives rise to a com- 
ponent of torque ripple. In the present invention, cog- 
ging may be minimized by staggering the stators such 
that the teeth of one stator are oriented opposite the 
slots of the stator. 

40 As an additional feature to reduce torque ripple, 
the stator slots are skewed, i.e. rather than being par- 
allel to a diameter of the stator, the slots lie at an angle 
to the diameter. Alternately or additionally, the mag- 
net poles may also be skewed such that a diameter 

45 of the rotor will not be collinear with a central longitu- 
dinal dividing line of the magnet pole. Also, the sides 
of each pole are slightly curved. To further reduce the 
cogging effect, a large number of permanent magnet 
poles are formed in the rotor, seventy-eight in the em- 

50 bodiment shown in the drawings. 

Torque ripple is also reduced by taking advantage 
of the fact that most of the total variation in torque is 
a repeatable function of rotor position. By varying the 
current in the motor as a function of rotor position (or 

55 shaft angle), th cyclic variations in motor torqu can 
be greatly reduced. Th g nera! principl of such 
compensation, applied to a brushless DC motor, is 
known, e.g. from Res arch Disclosur Bulletin, vol. 
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308, no. 108, 10 D cember 1989, GB, page 985 : 
"F edforward el ctronic torque rippl comp nsation 
system." Th present invention utiliz s high speed 
switching elements and pulse width modulation to 
provide precise control over the current applied to the 5 
stator windings. The shaft-position-dependent infor- 
mation needed to compensate for torque variations is 
stored in one or more programmable read-only mem- 
ories (PROMs). The instantaneous current command 
signal, which controls torque output, is modified by 10 
the compensation information stored in PROM to re- 
duce torque ripple that is a function of shaft angle. 

Af irst aspect of the invention provides an electric 
propulsion motor for marine vehicles comprising: 

a disk-shaped rotor and two coaxial disk- 15 
shaped stators, said rotor being separated from each 
of said stators in an axial direction by an air gap: 

said rotor including a plurality of permanent 
magnets that produce a first magnetic field; 

each stator comprising an armature winding 20 
that is connected to a source of electrical current to 
produce a second magnetic field, said first and sec- 
ond magnetic fields being capable of interacting to 
create an electromagnetic torque; 

means for coupling said rotor to a propeller 25 
shaft for transferring said torque from said rotor to 
said shaft, and means for detecting the angle of said 
shaft; 

a current control means for receiving a current 
control signal and for employing pulse width modula- 30 
tion to control said source of electrical current; 

said control means including means for storing 
compensation information related to torque variations 
that are a function of shaft angle; 

said current control means including means 35 
connected and responsive to said shaft angle detect- 
ing means for selecting said compensation informa- 
tion as a function of shaft angle and for combining 
said compensation information with said current con- 
trol signal to control said source of electrical current 40 
such that torque variations that are a function of shaft 
angle are minimized; and 

wherein said means for coupling said propeller 
shaft to said rotor includes means within the motor for 
isolating said shaft from sound produced by said mo- 45 
tor. 

Said isolating means may comprise an elastomer 
The electric propulsion motor may further Include 
an annular plate connected to and extending from 
said rotor and a disk connected to and extending from 50 
said propeller shaft and wherein said sound isolating 
means is sandwiched between said disk and said 
plate. 

A second aspect, of the invention provides an 
lectric propulsion motor for marin v hid scompris- 55 
ing: 

a disk-shaped rotor and two coaxial disk- 
snap d stators, said rotor beings paratedfrom ach 



of said stators in an axial direction by an air gap; 

said rotor including a plurality of permanent 
magnets that produce a first magnetic field; 

each stator comprising an armature winding 
that is connected to a source of electrical current to 
produce a second field, said first and second magnet- 
ic fields being capable of interacting to create an elec- 
tromagnetic torque; 

means for coupling said rotor to a propeller 
shaft for transferring said torque from said rotor to 
said shaft, and means for detecting the angle of said 
shaft; 

a current control means for receiving a current 
control signal and for employing pulse width modula- 
tion to control said source of electrical current; 

said control means including means for storing 
compensation information related to torque varia- 
tiong that are a function of shaft angle; 

said current control means including means 
connected and responsive to said shaft angle detect- 
ing means for selecting said compensation informa- 
tion as a function of shaft angle and for combining 
said compensation information with said current con- 
trol signal to control said source of electrical current 
such that torque variations that are a function of shaft 
angle are minimized; and 

circumferential thrust bearings facing both 
sides of said rotor, said rotor including bearing surfac- 
es for engagment with said thrust bearings. 

Said circumferential thrust bearings may com- 
prise a plurality of spaced bearing assemblies. 

Said spaced bearing assemblies may comprise 
tilting pad thrust bearings. 

Said circumferential thrust bearings may alterna- 
tively comprise solid annular bearings. 

Said rotor bearing surfaces may comprise annu- 
lar runners. 

Said circumferential thrust bearings may be lo- 
cated in proximity to a magnetically active portion of 
said rotor. 

A third aspect of the invention provides an elec- 
tric propulsion motor for marine vehicles comprising: 

a disk-shaped rotor and two coaxial disk- 
shaped stators, said rotor being separated from each 
of said stators in an axial direction by an air gap; 

said rotor including a plurality of Permanent 
magnets that produce a first magnetic field; 

each stator comprising an armature winding 
that is connected to a source of electrical current to 
produce a second magnetic field, said first and sec- 
ond magnetic f ields being capable of interacting to 
create an electromagnetic torque; 

means for coupling said rotor to a propeller 
shaft for transferring said torque from said rotor to 
said shaft, and means for det cting th angle of said 
shaft; 

a current control means for receiving a current 
control signal and for employing pulse width modula- 
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tion to control said source of electrical curr nt; 

said control means including m ans for storing 
compensation information related to torqu variations 
that are a function of shaft angle; 

said current control means including means 
connected and responsive to said shaft angle detect- 
ing means for selecting said compensation informa- 
tion as a function of shaft angle and for combining 
said compensation information with said current con- 
trol signal to control said source of electrical current 
such that torque variations that are a function of shaft 
angle are minimized; and 

a radial bearing remote from said propeller 
shaft for supporting said rotor. 

Said radial bearing may comprises a plain cylin- 
drical bearing. 

Said radial bearing may alternatively comprise a 
plurality of spaced bearing assemblies. 

Said means for coupling said propeller shaft to 
said rotor may includes means within the motor for 
isolating said shaft from sound produced by said mo- 
tor. 

Said sound isolating means may comprises an 
elastomer. 

The motor may further include an annular plate 
connected to and extending from said rotor and a disk 
connected to and extending from said propeller shaft 
and wherein said sound isolating means is sandwich- 
ed between said disk and said plate. 

The motor may further include circumferential 
thrust bearings facing both sides of said rotor, said ro- 
tor including bearing surfaces for engagement with 
said thrust bearings. 

Said circumferential thrust bearings may com- 
prise a plurality of spaced bearing assemblies. 

Said spaced bearing assemblies may comprise 
tilting pad thrust bearings. 

Said circumferential thrust bearings may com- 
prise solid annular bearings. 

Said rotor bearing surfaces may comprise annu- 
lar runners. 

Said circumferential thrust bearings may be lo- 
cated in proximity to a magnetically active portion of 
said rotor. 

The motor may further include a radial bearing for 
supporting said rotor. 

Said radial bearing may comprise a plain cylindri- 
cal bearing. 

Said radial bearing may comprise a plurality of 
spaced bearing assemblies. 

Each said stator may includes a plurality of teeth 
separated by a like plurality of slots, said slots includ- 
ing stator coils; and 

said two stators may be staggered on either 
side of said rotor positioned such that the t eth of a 
first on of said stators ar positioned axially across 
the rotor opposit the slots of a second on of said 
stators, whereby a cogging component of torque rip- 



pi isminimiz d. 

Each said stator may include a plurality of te th 
separated by a like plurality of slots, said slots includ- 
ing stator coils; and 
5 said slots in each said stator being skewed 

such that they lie at an angle to a diameter of each 
said stator, whereby a cogging component of torque 
ripple is minimized. 

Said rotor magnets may be configured with alter- 
10 nating north and south poles around the circumfer- 
ence of said rotor; and 

said poles may be skewed such that diameters 
of said rotor are not colli near with lines that divide 
each pole along its longitudinal axis, whereby a cog- 
15 ging component of torque ripple is minimized. 

Each said pole may have a skewed shape in that 
at least one side of each pole is curved. 

Said rotor may comprise at least fifty permanent 
magnet poles. 

20 Said current control means may include insulated 
gate bipolar transistors (IGBTs) as switching ele- 
ments. 

Said means for storing compensation information 
may comprise at least one programmable read only 
25 memory (PROM). 

Said means for combining said compensation in- 
formation with said current control signal may include 
at least one multiplier. 

The motor may further include means for mount* 
30 ing said motor within a hull of said marine vehicle, said 
mounting means including means for isolating said 
hull from sound and vibration generated by said mo- 
tor. 

Said marine vehicle may include two electric pro- 
35 pulsion motors and two propeller shafts, wherein a 
first motor rotates a first propeller shaft in a first ro- 
tating direction and a second motor rotates a second 
propeller shaft in a second direction that is counter to 
said first direction. 
40 Said current control means may employ a pulse 
width modulation frequency of approximately 20 KHz. 

These and other features, objects and advantag- 
es of the present invention will be apparent from the 
foregoing drawings and detailed description. 

45 

Brief Description of the Drawings 

Figure 1 is a perspective view of a preferred em- 
bodiment of the propulsion motor of the present i ri- 
se vention. 

Figure 2 is a cross-sectional view along the line 
2-2 of Figure 1. 

Figure 3 is an enlarged view of the upper half of 
the assembly depicted in Figure 2. 
55 Figure 4 is an enlarged view of the rotor and tor- 

que plate shown in Figur 3. 

Figure 5 is an enlarged cross-sectional vi w of 
one stator shown in Figures 2 and 3. 
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Figure 6 is a cross-s ctional view illustrating th 
mounting of the propulsion motor of th pr s nt in- 
vention in the hull of a ship. 

Figure 7 is a partial cross-sectional view illustrat- 
ing the single motor embodiment of the presentinven- 
tion. 

Figure 8 is a partial cross-sectional view illustrat- 
ing the dual counter-rotating embodiment of the pres- 
ent invention. 

Figure 9A is a representative view of two stators 
in alignment. 

Figure 9B is a representative view of the stag- 
gered stator feature of the present invention. 

Figure 1 0A is a representative view of a straight 
slot stator arrangement. 

Figure 1 0B is a representative view of the skewed 
stator slot feature of the present invention. 

Figure 11 A is a representative view of a straight 
magnet pole arrangement. 

Figure 11 B is a representative view of the skewed 
magnet pole arrangement of the present invention. 

Figure 12 illustrates a partial stator winding slot 
arrangement. 

Figure 13 is a block diagram depicting the stator 
current control system of the present invention. 

Detailed Description 

Figure 1 shows a perspective view of a preferred 
embodiment of the propulsion motor of the present in- 
vention. The motor 10 comprises three major compo- 
nents, two stators and a rotor (not individually visible 
in Figure 1). The rotor 16 is disposed between the two 
stators 12, 14 (as shown in Figure 2). As will be ap- 
preciated from Figure 1 , the motor 10 is substantially 
wheel-shaped, having a large diameter relative to its 
axial length. The short axial length of the motor is ad- 
vantageous in marine vehicles. For example, the total 
length of the engine room is reduced due to the sig- 
nificantly shorter stack-up length of the shafting, cou- 
pling, thrust bearing and motor. See Figure 7, for ex- 
ample. This provides greater available interior hull 
space for equipment, storage, crew quarters, weapon 
systems, etc. 

As shown in Figure 1, the structures of the two 
stators 12 and 14 are joined together at circumferen- 
tial flange members 18 and 20 by bolt/nut combina- 
tions 22 or other suitable fasteners. The structure of 
each stator 12, 14 is also joined to large coupling 
flanges 24 that permit the motor 1 0 to be mounted in 
the ship's housing (see Figure 6, for example). 

The rotor 16 and stators 12 and 14 are substan- 
tially disk-shaped (see Figures 11 and 10, respective- 
ly, for xampl ), with a larg , op n c nter. R ferring 
to Figure 1, this large, pen center is utilized in the 
present inv ntion for passage of th ship's hollow pro- 
p Her shaft 26 and for the unique rotor/propeller shaft 
coupling arrang ment of the present invention. In 



such arrangem nt, an annu\ar rotor torque plat 28 
(conn cted to the rotor 16 as shown in Figure 2) ex- 
tends radially inward toward propell r shaft 26. Cou- 
pled to and extending radially outward from prop Her 

5 shaft 26 is shaft disk 30, which is connected (e.g. by 
welding) to the outer wall 27 of propeller shaft 26. The 
outer perimeter of plate 28 and disk 30 overlap, as 
best shown in Figure 2. Interposed between these 
overlapping perimeter sections is a flexible sound at- 

10 tenuating coupling 32. Coupling 32 may be made of 
any suitable flexible material, preferably an elasto- 
mer, and is held in place under pressure between 
plate 28 and disk 30, which are held together by bond- 
ing, for example. This unique coupling arrangement 

15 provides an effective means for isolating noise- 
inducing motor vibrations from the propeller output 
shaft. This is accomplished within the open center of 
the motor and thus adds no additional axial length to 
the motor assembly. 

20 Figure 1 also shows the arrangement of the inver- 
ter modules 34 located around the circumference of 
both stators 12 and 14. Inverter modules 34 function 
as a controlled current source for the stator coils as 
will be discussed hereinafter in more detail. Each 

25 group of five (5) inverter modules is cooled by a cold 
plate 36. Each plate is in the form of a segment of an 
annulus. Each plate 36 is divided longitudinally by a 
wall into two channels, with the wall open at one end 
to connect the two channels. Cooling fluid enters the 

30 radially outer channel through conduit 38, traverses 
the length of the plate, passes through the open end 
of the dividing wall and returns through the radially in- 
ner channel, exiting at conduit 40. Conduits 38 and 40 
will be connected to an appropriate cool fluid supply 

35 a nd warm water disposal , res pectively, which are not 
shown in Figure 1. 

Figure 2 shows a cross-section of the motor as- 
sembly and Figure 3 is an enlarged cross-sectional 
view of the upper half of the motor. The cross- 

40 hatching has been omitted for clarity. As shown in Fig- 
ure 2, the upper and lower halves of the motor are 
identical. The motor 1 0 will typically be mounted in the 
hull of a vessel in surrounding relationship to the pro- 
peller shaft 26. The ship's thrust and journal bearings, 

45 which support the propeller shaft and transfer the pro- 
peller thrust to the ship, are conventional and shown 
generally as 42. Figure 2 best illustrates the improved 
rotor/propeller shaft coupling of the present invention, 
in which the annular rotor torque plate 28 is connected 

so (e.g. by welding) to a portion 44 of rotor 1 6. As descri- 
bed previously, propeller shaft disk 30 is connected to 
and extends radially from propeller shaft 26. Plate 28 
and disk 30 are connected at their overlapping peri- 
m ter portions by bonding or other suitable means 

55 that will not contribute to the transmission of noise 
and/or vibrations. Sandwiched in b tween th se two 
portions is sound attenuating coupling 32. Coupling 
32, preferably an elastom r, is fl xibl and can ab- 
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sorb motor vibrations and isolat th m from th pro- 
peller shaft, thus reducing transmission of nois into 
the shaft and thence into th hull structure and sur- 
rounding water. As will be appreciated, motor torque 
will be applied to the propeller shaft through plate 28, 5 
coupling 32 and disk 30. The torque is produced as a 
result of a rotating magnetic field setup by alternating 
current in the windings of stators 12, 14. The rotating 
magnetic field reacts with the permanent magnetic 
field in the rotor, which rotates on an annular bearing 10 
surface, as will be described. 

Referring to Figure 3, the rotor 16 is interposed 
between stators 12 and 14 and is separated there- 
from by axial air gaps 50 and 52, respectively. Rotor 
16 generally comprises permanent magnet material 15 
portion 46 and non-magnetic portions 44 and 48. Sta- 
tor 12 generally comprises a mechanical support 
structure 54, stator backiron 56, and windings mount- 
ed in slots shown generally as 58. A gusset 66 is pro- 
vided for stator 12 structure reinforcement. Similarly, 20 
stator 14 has a support structure 60, backiron 62, and 
windings in slots 64. As discussed previously, the two 
stator support structures are joined together at flange 
members 18 and 20 by bolt nut combinations 22 or 
other suitable fasteners. As reinforcement for the sta- 25 
tor structure, reinforcing members 70 and 72 are pro- 
vided at intervals around the circumference (see Fig- 
ure 1) of structures 54 and 60, respectively. 

Located axially outside of each stator 12, 14 are 
inverter modules 34. Interposed between the stator 30 
support structure and inverter modules 34 is a cold 
plate 36. As discussed previously with reference to 
Figure 1, each cold plate is divided by a wall, labeled 
68 in Figure 3, to guide cooling water along the length 
of each plate. 35 

As a unique aspect of the present invention, cir- 
cumferential thrust bearings 74 and radial bearing 76 
support rotor 16 and counter and distribute electrical 
and mechanical forces in the motor to maintain the 
position of the rotor relative to the stators. Thrust 40 
bearings 74 are mounted to stator support structures 
54 and 60 on each side of rotor 16 in proximity to the 
magnetically active portion, i.e. area 46, of the rotor. 
The thrust bearing assemblies may comprise solid 
annular bearings or a plurality of spaced thrust bear- 45 
ing assemblies (e.g. conventional tilting pad type) 
mounted on a rotor-facing circumferential surface of 
each stator support structure. The bearing surfaces 
of rotor 16 will comprise annular runners 76 and 80, 
which are attached to rotor 16 as will be described so 
with reference to Figure 4. Rotor 16 is supported on 
radial bearing 76, which may comprise a plain cylin- 
drical bearing or a plurality of spaced bearing assem- 
blies mounted on a rotor facing circumferential sur- 
face of stator support structur 54 and is remote from 55 
the propeller shaft 26. The radial bearing surfac of 
rotor 16 will compris annular runner 82. Th s cir- 
cumferential b aring arrangements are uniqu ly suit- 



ed to the larg , open-diameter motor of the present in- 
vention. 

Figure 4 is an enlarg d vi w of the rotor 16 and 
torque plate 28 shown in Fig. 3. The primary compo- 
nent of rotor 16 is a disk made of non-magnetic ma- 
terials such as stainless steel, titanium, or compo- 
sites. In Figure 4, non-magnetic disk portions are lab- 
eled 44 and 48. In the present invention, permanent 
magnets are mounted in openings in the rotor disk. 
These permanent magnets mounted in the rotor disk 
are illustrated generally as area 46. In a smaller ma- 
chine, the magnets may be placed directly in the 
openings and secured with an epoxy adhesive. In a 
larger machine, the magnets may be placed in mag- 
net holders and the holders mechanically fastened in- 
side the rotor openings. Additionally, as shown in Fig- 
ure 4, mechanical shields 84 with fasteners 86 pass- 
ing through both shields secure the magnets. In a pre- 
ferred embodiment, the permanent magnets are neo- 
dymium iron boron. Permanent magnets are rated by 
their energy product The energy product is the prod- 
uct of B, magnetic flux density, and H, magnetic field 
intensity. The neodymium iron boron magnets are 
commercially available with energy products exceed- 
ing 30 megagauss oersteds. An advantage of the per- 
manent-field rotor is that it eliminates the need for ro- 
tary electrical contacts and must absorb only very low 
heat losses. Thus, it does not require a complex or 
bulky cooling system. Further, the permanent mag- 
nets provide high power density when compared to 
other designs and are of relatively light weight. 

Figure 4 also illustrates the mounting of annular 
runners 78, 80 and 82. Annular runner 78 is mounted 
on the outside of rotor torque plate 28 and runner 80 
is mounted on the outside of mechanical shield 84. 
Both runners 78 and 80 are secured by inner fastener 
86. Annular runner 82 is mounted against the lower 
surface of portion 44 of the rotor disk and is secured 
in place by suitable fastener 88. 

Figure 5 is an enlarged cross-sectional view of 
stator 12 shown in Figures 2 and 3, it being under- 
stood that stator 14 will comprise the same structural 
components in an opposite orientation. The outline of 
the stator coils is represented by 58 and the stator 
backiron is represented by a series of rectangular 
bands, labeled 56. Figure 5 also illustrates the stator 
cold plate 112, not shown in the prior, less detailed, 
figures. Within stator cold plate 1 1 2 is a series of cool- 
ing channels 114 that serve to disperse heat gener- 
ated by the stator coils. The backiron core 56, with 
surrounding coils 58, is connected to stator cold plate 
112 by retaining pins, e.g. pin 115. This subassembly 
is then connected to the stator support structure 54 
(Figure 2) by suitable fasteners 116. 

Figure 6 illustrates, in a cross-sectional vi w 
through th hull 90 of a marine v hid , a typical 
mounting arrangement for motor 10. Motor 10 is 
mounted coaxially with th ship's prop Her shaft 26 
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by securing large coupling flanges 24 to foundation 
members 92 in the interior of the hull. Preferably the 
motor will be mounted with some form of sound iso- 
lation member 94 (e.g. an elastomeric block) inter- 
posed between flanges 24 and foundation members s 
92. 

Figure 7 is a side cross-sectional view through 
the hull 90 of a marine vehicle, illustrating a typical ar- 
rangement of the propulsion motor of the present in- 
vention in a ship. Segments of a typical propeller w 
shaft 26 mounting arrangement are shown generally, 
for example, stern tube with bearing 96, shaft seal 98, 
shaft coupling 100, and ship's thrust and journal bear- 
ing assembly 42. 

Figure 8 is a representation illustrating a dual 15 
counter-rotating propeller shaft embodiment of the 
present invention. In this embodiment, an outer pro- 
peller shaft 26 is driven by propulsion motor 10, and 
an inner propeller shaft 102 is driven by propulsion 
motor 1 04 in a rotating direction opposite to the rotat- 20 
ing direction of outer shaft 26. As is conventional, the 
blades of the propeller coupled to outer shaft 26 will 
be of opposite pitch to the blades of the propeller cou- 
pled to inner shaft 102. Some of the major compo- 
nents shown in Figure 7 are stern tube with bearings 25 
96 for both shafts, outer shaft seal 98, outer shaft 
coupling 100, ship's thrust and journal bearing as- 
sembly 42 for the outer shaft, inner/outer shaft seal 
106, Inner shaft coupling 108, and ship's thrust and 
journal bearing assembly 1 1 0 for the inner shaft. Dual 30 
counter-rotating propellers are used because of the 
hydrodynamic advantages that are realized. These 
advantages help in reducing power loss. 

A principal advantage of the present invention is 
noise reduction. Noise results in electric motors, in 35 
part, because of mechanical vibrations caused by un- 
stable and undesirable magnetic attractive forces, 
known as torque ripple. One component in the unde- 
sirable variation in torque is referred to as cogging tor- 
que, which occurs when the motor has armature 40 
teeth. 

In the present invention, axially magnetized per- 
manent magnets 46 are mounted on the rotor 16. Sta- 
tors 12 and 14 are located on either side of rotor 16 
and are separated therefrom by axial air gaps 50 and 45 
52. The magnet flux crosses the air gap axially on 
both sides of rotor 16. Figure 9 is a representation of 
how the problem of torque ripple caused by cogging 
may be ameliorated. Figure 9A represents a first con- 
figuration of the stators 12 and 14 and the alignment 50 
of the teeth and slots of the stators, relative to the 
magnetic poles of the rotor 16. The "iron" teeth of the 
stators are labeled 118 and the slots, occupied by 
conductors and dielectric material, are labeled 120. 
Since the p rmeability of the stator iron is gr ater 55 
than air or the coils and diel ctric, the flux density will 
b greater in th te th than in the slots. As the magnet 
poles pass th slots, cogging will result due to the pre- 



f rred ori ntation of the pole with th teeth, wh re re- 
luctanc is minimum. This cogging giv s ris to a 
component of torqu ripple that is ind pendent of sta- 
tor current. In th pres nt inv ntion, this cogging f- 
fect is minimized by staggering the stators, as shown 
in Figure 9B, such that the teeth of one stator are ori- 
ented opposite the slots of the other stator. Thus, as 
a magnet pole is passing slots in one stator, it will also 
be aligning with teeth in the other stator, thereby 
countering the undesired magnetic attraction. 

An additional feature of the present invention 
which reduces torque ripple and the resultant noise is 
illustrated in Figure 10. Figure 1 0A represents a first 
configuration of disk-shaped stators 12 and 14 with 
the individual slots 118 for the stator coils being col- 
linear with a diameter, e.g. lines 122, of each stator. 
In an embodiment of the present invention, as shown 
in Figure 10B, stator slots 118 are skewed, i.e. they 
lie at an angle to a diameter, e.g. lines 122, of each 
stator. This feature also helps to reduce the cogging 
effect by placing a portion (preferably half) of the pole 
cogging component out of phase with respect to a dif- 
ferent portion (preferably half) of the pole cogging 
component 

Figure 11 illustrates yet another feature of the 
present invention that reduces cogging, torque ripple 
and the resulting noise in a propulsion motor. Figure 
11 A represents a first configuration of disk-shaped 
rotor 16 viewed from the side facing, for example, sta- 
tor 14 with torque plate 28 and runners 78, 80 and 82 
removed. The rotor magnets 124 are configured with 
alternating north and south poles, as shown. A mech- 
anical shield, as discussed previously with reference 
to Figure 4, is attached to the rotor disk at the outer 
edge by one fastener per magnet in holes 134, and at 
the inner edge by fasteners in holes 136, which are 
spaced 22V2 degrees apart. Fasteners 88 that attach 
runner 82 to rotor 1 6 (as shown in Figure 4) use holes 
137 shown in cross-section in Figure 11. In this f irst 
configuration, the poles are straight with respect to di- 
ameters, e.g. lines 126, of the rotor. In an embodiment 
of the present invention, as shown in Figure 11B, the 
poles of the rotor are skewed, i.e. diameters 126 are 
not collinear with the longitudinal axis of the poles. A 
line passing straight through the longitudinal axis of 
a pole, for example line 128, will pass through a point 
that is offset from the center of the rotor. Further, in 
a preferred embodiment, each pole 124 has a skewed 
shape in that the sides 130 (Figure 11B) are slightly 
curved. This is in contrast to the straight sides 132 of 
the poles shown in Figure 11A. This shape is prefer- 
red because, in the axial gap motor of the present in- 
vention, cogging torque is a function of the radius at 
which the force occurs. Although both sides 130 of 
each pole shown in Figure 11 B ar curved, at least 
one side b ing curv d will have a b n f icial effect in 
reducing cogging torque. 

Anotherfeatureofth pr s nt invention which re- 
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duces cogging is the large number of poles. As shown 
in Figure 11 B, s venty- ight (78) perman nt magnet 
poles 124 are formed in rotor 16. Th stators ach in- 
clude two hundred and thirty-four (234) slots with 
three (3) slots (one per phase of the exciting current) s 
for each of the seventy-eight (78) poles. The stator 
coils are wound as shown in Figure 12, which illus- 
trates an edge view of a portion of a stator, depicted 
for the sake of simplicity as being straight The arma- 
ture core 136 may be made of M47 low carbon sheet, 10 
for example, and may be wound in the following man- 
ner. 

The slots 120 are labeled A1, C78, B1, A2, C1, 
B2, A3, C2, B3, continuing around the periphery of the 
stator core up through and including A78, C77, B78. 15 
A conductor (coil) 138 starts, for example, at slot A1 
from the outer diameter of the core and goes through 
to the inner diameter. The conductor continues along 
the inner diameter and enters slot A2. It exits slot A2 
at the outer diameter and returns to slot A1 . The con- 20 
ductor continues to be wound through slots A1 and A2 
until the completion of 12 turns in each slot. At the 
completion of the 1 2 turns in slots A1 and A2, the con- 
ductor continues along the outer diameter to slot A3. 
Slots A3 and A4 are wound with 12 turns in the same 25 
manner as slots A1 and A2. At the completion of wind- 
ing slots A3 and A4, slots A5 and A6 are similarly 
wound with 12 turns. The end of the conductor at slot 
A6 will be the termination point and it is connected to 
an inverter module 34 (see Figures 1 and 2, for exam- 30 
pie). The starting point of the conductor at slot A1 is 
also connected to the same inverter module. There 
are forty (40) inverter modules (one spare) for each 
stator in the preferred embodiment 

Slots B1 through B6 are similarly wound with a 35 
different conductor, which is connected to another in- 
verter module. Similarly, slots C1 through C6 are 
wound with a different conductor, which is connected 
to another inverter module. Another conductor starts 
at slot A7 and finishes at slot A12. This process con- 40 
tinues until ail 234 slots are filled. 

As discussed above, several features of the pres- 
ent invention reduce torque ripple and the resultant 
noise. These features include staggered stators, 
skewed stator slots and skewed field poles, and util- 45 
ization of a large number of poles. As yet an additional 
feature, the present invention utilizes armature cur- 
rent control to compensate for pertubations that are 
repeatable functions of shaft angle, which is directly 
related to rotor position. As discussed previously, the so 
stator windings 138 are fed by inverter modules 34. 
Power inverters for motors are well known in the art 
and the particular inverter circuit chosen will depend 
upon the source of pow r forth motorandth pow r 
required by th motor. 55 

Basically, the inverter modules 34 are a control- 
lable curr nt source for the stator windings. As is con- 
ventional, the output of achinv rtermodul is chos- 



en in r spons to th desired output torqu . Pulse- 
width- modulation (PWM), which is also conv ntional, 
is utiliz d to regulate the invert r output In th pre- 
ferred mbodim nt, a high PWM frequency, prefer- 
able in the range of 20 KHz, is utilized to minimize 
PWM ripple amplitude and, more importantly, to per- 
mit rapid switching response to rotor current control. 
Since very rapid switching times are required to ach- 
ieve the benefits of the present invention, it is prefer- 
red that insulated gate bipolar transistors (IGBTs) be 
selected as the switching elements in the inverter 
module. 

As stated previously, an important advantage of 
the present invention is the minimization of torque rip- 
ple. Torque ripple can arise from many sources in- 
cluding cogging torque (discussed above), variations 
of the magnetic flux in the air gaps with position, and 
reluctance. The present invention takes advantage of 
the fact that much of the total variation in torque is a 
repeatable function of rotor position and armature 
current By varying the current in the motor as a func- 
tion of rotor position (or shaft angle), the cyclic varia- 
tions in motor torque can be eliminated, or at least 
greatly reduced. Shaft position feedback and motor 
current feedback are conventional and commonly 
employed in inverters for proper timing of the switch- 
ing elements. However, the prior art has failed to con- 
sider feedback control for noise reduction. 

The present invention utilizes one or more pro- 
grammable read only memories (PROMs) to digitally 
store shaft-position-dependent information that is 
used to determine the value of current for each phase. 
Each phase of the motor (e.g. a three-phase motor) 
is fed by an inverter module 34, which preferably util- 
izes PWM control regulation and IGBT inverter 
switches. Each inverter module 34 will be controlled, 
utilizing the information stored in PROM, to produce 
a current proportional to an input signal. 

Figure 1 3 is a block diagram of a basic system for 
torque ripple control utilizing shaft-position- 
dependent information. The shaft-position- 
dependent information is stored digitally in PROM 
140. PROM 140 may be a single PROM chip or sev- 
eral chips. Further PROM 140 may be divided into 
three separate pages of memory (or three separate 
chips) with each page (or chip) dedicated to one 
phase or it may be divided into a greater number of pa- 
ges (or chips) with each page (or chip) dedicated to 
one inverter module or a group of inverter modules. 
In Figure 13, only three inverter modules 34 are 
shown. However, in the present invention, eighty (in- 
cluding two spares) inverter modules are contemplat- 
ed, with forty modules (one spare) per stator. 

Th shaft-dependent information will d pend 
upon each particular motor. Th major features of the 
motor torque-p r-amp versus angl charact risticare 
known to th designer b fore th motor is built. Fur- 
ther confirmation and/or refinement of this informa- 



8 



15 



EP 0 533 359 B1 



16 



tioncanbedet mnined mpirically. To refine the com- 
p nsation information, a first, theoretical stimate 
can b mad . Then, th motor can be operated and 
the resulting torque rippl record d. Th compensa- 
tion required for such torque ripple is then computed 
using known, conventional techniques. The required 
compensation so computed can then be combined 
with the first estimate and the resultant table may be 
loaded into PROM. This process can be repeated until 
the residual torque ripple is reduced to a desired mini- 
mum. 

The PROM look-up table 140 may be indexed 
from a signal generated by a conventional shaft angle 
sensor 142. The compensation information is stored 
in PROM according to the shaft position and is read 
from PROM in the same manner. A current command 
144 is the fundamental control input Since the motor 
produces a torque that is nearly proportional to cur- 
rent, the current command can be used for torque 
control. The current command is fed on signal lines 
146 to multipliers 148. The compensation information 
in PROM 140 is received by multipliers 148 on lines 
150. The instantaneous current command for each 
phase, received by inverter modules 34 on lines 152, 
is determined by multiplying the current command by 
the compensation information stored in PROM 140. 
Each inverter module 34 will include PWM control cir- 
cuitry 156 and IGBT inverter switches 158. Current 
feedback lines 154 may be used so that the inverter 
modules can control the armature current to match 
that of the instantaneous command current. Utilizing 
this feature of the present invention, perturbations in 
torque that are repeatable functions of shaft angle 
can be effectively reduced to a minimum. This fea- 
ture, when combined with the other noise reducing 
features of the present invention, provides a motor 
that is much quieter than the motors contemplated in 
the prior art. 

The present invention has been described and 
shown in relation to various preferred embodiments. 
Detailed descriptions and illustrations of certain 
known components and operations have been omit- 
ted for the sake of clarity and understanding of the 
present invention. Conventional components and 
principles will be readily appreciated by those having 
ordinary skill in the art as will various modifications 
and changes that can be made to the embodiments 
disclosed, such embodiments, modifications, and 
changes being intended to fall within the scope of the 
invention as defined by the following claims. 



Claims 

1. An electric propulsion motor for marine vehicl s 
comprising: 

a disk-shaped rotor and two coaxial disk- 
snap d stators, said rotor b ing separat d from 



said stators in an axial direction by an air gap; 

said rotor including a plurality of p rma- 
nent magnets that produce a first magnetic f i Id; 
ach stator comprising an armatur wind- 
5 ing that is connected to a source of electrical cur- 

rent to produce a second magnetic field, said first 
and second magnetic fields being capable of in- 
teracting to create an electromagnetic torque; 
means for coupling said rotor to a propellor 
10 shaft for transferring said torque from said rotor 
to said shaft, and means for detecting the angle 
of said shaft; 

a current control means for receiving a 
current control signal and employing pulse width 
15 modulation to control said source of electrical 
current; 

said control means including means for 
storing compensation information related to tor- 
que variations that are a function of shaft angle; 

20 said current control means including 

means connected and responsive to said shaft 
angle detecting means for selecting said com- 
pensation information as a function of shaft angle 
and for combining said compensation information 

25 with said current control signal to control said 
source of electrical current such that torque var- 
ations that are a function of shaft angle are mini- 
mized, and any one of the following: 

wherein said means for coupling said pro- 

30 pellor shaft to said rotor includes means within 
the motor for isolating said shaft from sound pro- 
duced by said motor, and/or 

circumferential thrust bearings facing both 
sides of said rotor, said rotor including bearing 

35 surfaces for engagement with said thrust bear- 
ings; and/or 

a radial bearing remote from said propellor 
shaft for supporting said rotor. 

40 2. An electric propulsion motor as in Claim 1 , char- 
acterised in that each said stator includes a plur- 
ality of teeth separated by a like plurality of slots, 
said slots including stator coils; and 

wherein said two stators are staggered on 

45 either side of said rotor positioned such that the 
teeth of a first one of said stators are positioned 
axially across the rotor opposite the slots of a 
second one of said stators, whereby a cogging 
component of torque ripple is minimized. 

50 

3. An electric propulsion motor as in Claim 1 , char- 
acterised in that each said stator includes a plur- 
ality of teeth separated by a like plurality of slots, 
said slots including stator coils; and wherein 
55 said slots in each said stator are skewed 

such that th yli atanangletoadiamet r of each 
said stator, whereby a cogging compon nt of tor- 
que rippl is minimized. 
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4. An e! ctric propulsion motor as in Claim 1, char- 
acterised in that said rotor magnets are config- 
ur d with alternating north and south pol s 
around th circumf renc of said rotor; and 
wherein 

said poles are skewed such that diameters 
of said rotor are not collinear with lines that divide 
each pole along its longitudinal axis, whereby a 
cogging component of torque ripple is minimized. 

5. An electric propulsion motor as in Claim 1 , char- 
acterised in that said current control means in- 
cludes insulated gate bipolar transistors (IGBTs) 
as switching elements. 

6. An electric propulsion motor as in Claim 1 , char- 
acterised in that said means for storing compen- 
sation information comprises at least one pro- 
grammable read only memory (PROM). 

7. An electric propulsion motor as in Claim 1 , char- 
acterised in that said means for combining said 
compensation information with said current con- 
trol signal includes at least one multiplier. 

8. An electric propulsion motor as in Claim 1 , char- 
acterised in that the motor further includes 
means for mounting said motor within a hull of 
said marine vehicle, said mounting means includ- 
ing means for isolating said huff from sound and 
vibration generated by said motor. 

9. A marine vehicle including two electric propulsion 
motors as in Claim 1 and two propeller shafts, 
and wherein the first motor rotates the first pro- 
peller shaft in a first rotating direction and the 
second motor rotates the second propeller shaft 
in a second direction that is counter to said first 
direction. 

10. An electric propulsion motor as in Claim 1, char- 
acterised in that said current control means em- 
ploys a pulse width modulation frequency of ap- 
proximately 20 KHz. 



Patentansp ruche 

1. Elektrischer Propellermotor fur Wasserfahrzeu- 
ge 

mit einem scheibenformigen Rotor und zwei ko- 
axialen, scheibenformigen Statoren, von denen 
der Rotor in axialer Richtung durch einen Luft- 
spalt getrennt ist; 

der Rotor hat mehrere Dau rmagnete, welche ein 
erstes Magnetf Id rzeugen; 
jed r Stator nthalt ine Ank rwicklung, welche 
miteinerStromquellev rbunden ist, um inzwei- 



t s Magnetfeld zu erzeug n.wobeidasersteund 
daszw it Magnetf IdzurErzeugung ineselek- 
tromagnetischen Drehmoment s miteinander in 
W chselwirkung tr ten kdnnen; 

5 mit Mitteln zum Verbinden des Rotors mit der 

Welle eines Propellers, um das Drehmoment von 
dem Rotor auf die Welle zu ubertragen, und mit 
Mitteln zum Bestimmen des Winkels der Welle; 
mit Mitteln zur Stromregelung, welche ein Strom- 

10 steuersignal empfangen und ein Verfahren der 
(mpulsbreitenmodulation anwenden, um die elek- 
trische Stromquelle zu steuern; 
die Mittel zur Stromregelung schlieften Mittel ein, 
welche Kompensationsinformation speichern, 

15 welche in Beziehung steht mit Drehmoment- 
schwankungen, die von der Winkelsteliung der 
Welle abhangen; 

die Mittel zur Stromregelung schlie&en Auswahl- 
mittel ein, welche mit den Mitteln zum Bestimmen 

20 des Winkels der Welle verbunden sind und ab- 
hangig davon die Kompensationsinformation als 
Funktion der Winkelsteliung der Welle auswahlen 
und mit dem Stromsteuersignal kombinieren, um 
die eiektrische Stromquelle derart zu steuern, 

25 daR von der Winkelsteliung der Welle abhangen- 
de Drehmomentschwankungen minimiert wer- 
den, und mit einem oder mehreren der nachste- 
henden Merkmale: 

zu den Mitteln, welche die Welle des Propellers 
30 mit dem Rotor verbinden, gehdren innerhalb des 
Motors Mittel zum Isolieren der Welle gegen vom 
Motor erzeugten Schall; und/oder 
die Welle umgebende Axiaidruckfager, welche 
beiden Seiten des Rotors zugewandt sind, wel- 
35 cher Lageroberflachen hat, die mit den Axial- 
drucklagern in Eingriff stehen; und/oder 
in einer Entfernung von der Welle des Propellers 
ein Radial lager, welches den Rotor tragi 

40 2. Elektrischer Propellermotor nach Anspruch 1, 
dadurch gekennzelchnet, daft jeder Stator eine 
Anzahl von Zahnen tragt, die durch eine gleiche 
Anzahl von Schlitzen voneinander getrennt sind, 
in welchen sich Statorwindungen bef inden, 

45 und in welchen die beiden Statoren auf beiden 
Seiten des Rotors in der Weise versetzt angeord- 
net sind, da& die Zahne des einen Stators in axia- 
ler Richtung Goer den Rotor hinweg den Schlit- 
zen des anderen Stators gegenuberliegen, wo- 

50 durch eine auf die Anordnung der Zahne zuruck- 
gehende Komponente in der Drehmomentpulsa- 
tion minimiert wird, 

3. Elektrischer Propellermotor nach Anspruch 1, 
55 dadurch g kennzelchnet, daB jeder Stator eine 

Anzahl von ZShnen nthalt, welche durch eine 
gl iche Anzahl von Schlitzen getrennt sind, in de- 
nen sich Statorwindungen b find n, 
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und in welchem die Schlltze in jedem der Stato- 
ren derart schragv rlaufend ausgebildet sind, 
daft sie mit einem Durchmesser des Stators ei- 
nen Winkel einschliefcen, wodurch ein auf die 
Anordnung der ZShne zuruckgehende Kompo- 
nente in der Drehmomentpulsation minimiert 
wird. 

4. Elektrischer Propellermotor nach Anspruch 1, 
dadurch gekennzeichnet, daS die Rotormagne- 
te abwechselnd mit Nordpolen und Sudpolen 
lings des Umfangs des Rotors angeordnet sind 
und daR die Pole in der Weise schrag angeordnet 
sind, daS Durchmesser des Rotors nicht mit Ge- 
raden zusammenfallen, welch e einen jeden Pol 
langs seiner Langsachse teilen, wodurch eine auf 
die Anordnung der Zahne zuruckgehende Kom- 
ponente in der Drehmomentpulsation minimiert 
wird. 

5. Elektrischer Propellermotor nach Anspruch 1, 
dadurch gekennzeichnet, dad die Mittel zur 
Stromsteuerung bipolare Transistoren mitisolier- 
ter Steuerelektrode (IGBTs) als Schaltelemente 
haben. 

6. Elektrischer Propellermotor nach Anspruch 1, 
dadurch gekennzeichnet, dafi die Mittel zum 
Speichern von Kompensationsinformation min- 
destens einen programmierbaren Nur-Lese- 
Speicher (PROM) enthalten. 

7. Elektrischer Propellermotor nach Anspruch 1, 
dadurch gekennzeichnet, daS die Mittel, wel- 
che die Kompensationsinformation mit dem 
Stromsteuersignal kombinieren, wenigstens ei- 
nen Vervielfacher enthalten. 

8. Elektrischer Propellermotor nach Anspruch 1, 
dadurch gekennzeichnet daBer Montagemittel 
enthalt, mit denen der Motor im Rumpf des Was- 
serfahrzeuges befestigt wird, wobei diese Mon- 
tagemittel Mittel enthalten, urn den Rumpf von 
Schall und Vibrationen, welche von dem Motor 
erzeugt werden, zu isolieren. 

9. Wasserfahrzeug mit zwei elektrischen Propeller- 
motoren nach Anspruch 1 und mit zwei Propeller- 
wellen, wobei der erste Motor die erste Propeiler- 
welle in einer ersten Drehrichtung und der zweite 
Motor die zweite Propellerwelle in einer zweiten 
Richtung dreht, welche der ersten Drehrichtung 
entgegengesetzt ist. 

10. El ktrischer Propell rmotor nach Anspruch 1, 
dadurch g kennz ichnet, daR die Mittel zur 
Stromst uerung eine Impulsbreitenmodulation 
mit iner Modulationsfrequenz von ungef§hr 20 



kHzanw nden. 



R v ndications 

5 

1. Moteur de propulsion electrique pour vehicules 
marins, comprenant : 

un rotor en forme de disque et deux stators 
coaxiaux en forme de disques, ledit rotor elant se- 
w pare desdits stators en direction axiale par un es- 
pace d'air ; 

ledit rotor etant constitue d'une pluralite d'ai- 
mants permanents produisantun premier champ 
magnetique ; 

15 chaquestatorse composantun enroulementd'in- 
duit connecte a une source de courant elect rique 
de maniere a produire un second champ magne- 
tique, lesdits premier et seconds champs magne- 
tiques pouvant inter-reagir de maniere a creer un 

20 couple electromagnStique ; 

des moyens pour coupler ledit rotor a Tarbre 
d'une helice en vue de transferer ledit couple du- 
dit rotor audit arbre, et des moyens pour detecter 
('angle dudit arbre; 

25 des moyens de contrdle de courant destines a re- 
cevoir un signal de contrdle de courant et a ex- 
ploiter la modulation de ('amplitude d'impuision 
pour contr6ler ladite source de courant electri- 
que; 

30 lesdits moyens de contr6le comportant des 
moyens de stockage des informations compen- 
sees relatives aux variations de couple qui sont 
fonction de Tangle de ('arbre ; 
lesdits moyens de contrdle de courant compor- 

35 tant des moyens connected auxdits moyens de 
detection de Tangle de I'arbre et leur etant soumis 
de maniere a selectionner lesdites informations 
compens6es sous forme d'une fonction de Tangle 
de I'arbre et a combiner ces informations 

40 compensees avec ledit signal de contrdle de cou- 
rant, en vue de controller ladite source de courant 
electrique de telle facon que celles des variations 
de couple qui sont fonction de Tangle de Tarbre 
soient minimisees, et comprenant Tune quelcon- 

45 que des caracteristiques suivantes : 

lesdits moyens de couplage de Tarbre d'heiice 
audit rotor comportent des moyens a Tinte>ieur du 
moteur pour isoler ledit arbre du son produit par 
ledit moteur, et/ou 

so des paliers de butee circonferentielle faisant face 
aux deux cdtes dudit rotor, ledit rotor comportant 
des surfaces portantes destinees a cooperer 
avec lesdits paliers de butee; et / ou 
un palier radial eloigne dudit arbre d'heiice pour 

55 supporter ledit rotor. 

2. Moteur de propulsion electrique selon la revendi- 
cation 1, caracterise n c que chaque stator 
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comprend une pluralite de dents separees par 
une pluralite semblable de fentes, I sdites fentes 
comportant I s enroulements d stator ; et I s 
deux stators sont decales sur chaque cdte dudit 
rotor dans des positions telles que les dents d'un 5 
premier stator soient positionnees axialement 
d'un c6te a I'autre du rotor a I'oppose des fentes 
du second stator, de telle sorte que soit minimi- 
see une composante de broutage des irregulari- 
tes ou "rides" du couple. 10 

3. Moteur de propulsion electrique selon ia revendi- 
cation 1, caracterise en ce que chaque stator 
comprend une pluralite de dents separees par 

une pluralite semblable de fentes, lesdites fentes 15 
comportant les enroulements de stator ; et lesdi- 
tes fentes dans chaque stator sont devoyees de 
maniere telle qu'elles font un angle par rapport au 
diametre dudit stator, de telle sorte que soit mini- 
mis ee une composante de broutage des irregula- 20 
rites ou "rides" du couple. 

4. Moteur de propulsion selon la revendication 1, 
caracterise en ce que les aimants du rotor sont 
repartis avec alternance de leurs pdles nord et 25 
sud sur la circonference du rotor ; et lesdits pdles 
sont devoyes de maniere telle que les diametres 
desdits rotors ne sont pas colineaires avec les H- 
gnes qui divisent chaque pdle suivant son axe 
longitudinal, de telle sorte qu'est minimisee une 30 
composante de broutage des irregularis ou "ri- 
des" du couple. 

5. Moteur de propulsion electrique selon la revendi- 
cation 1, caracterise en ce que les moyens de 35 
contrdle de courant sont des transistors bipolai- 

res a grille isolee (IGBT) jouantle rdle d'elements 
de commutation. 

6. Moteur de propulsion electrique selon la revendi- 40 
cation 1, caracterise en ce que les moyens de 
stockage d'informations compensees compren- 
nentau moins une memoire morte programmable 
(PROM). 

45 

7. Moteur de propulsion electrique selon la revendi- 
cation 1 , caracterise en ce que les moyens pour 
combiner lesdites informations compensees 
avec ledit signal de contrdle de courant consis- 
tent en au moins un multiplicateur. so 

8. Moteur de propulsion electrique selon la revendi- 
cation 1, caracterise en ce que le moteur 
comprend au surplus des moyens pour monter le 

mot ur dans la coqu dudit vehicul rnarin, ces 55 
moyens de montage comportant des moyens 
pour isoler la coqu du son t des vibrations ge- 
nerees par ledit moteur. 



9. Vehicule marin equips de deux moteurs d pro- 
pulsion electriqu selon la rev ndication 1 et de 
deux arbres d'helice, dans I quel le premier mo- 
teur fait tourner le premier arbre d'helice dans 
une premiere direction de rotation et le second 
moteur fait tourner le second arbre d'helice dans 
une seconde direction, contraire a la premiere di- 
rection. 

10. Moteur de propulsion electrique selon la revendi- 
cation 1 , caracterise en ce que lesdits moyens de 
contrdle de courant utilisentdes pulsations a une 
frequence de modulation d'amplitude d'approxi- 
mativement 20 KHz. 
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